Symptoms and metabolic abnormalities closely resembling those of hypoadrenalism have been reported following cessation of prolonged treatment with adrenal steroids (1) (2) (3) (4) (5) . Sudden death following surgery has been reported in association with this syndrome and has been ascribed to failure of the hypothalamic-pituitary-adrenal system to respond to stress (6) (7) (8) (9) . Since prolonged administration of corticosteroids produces adrenal atrophy in both man and laboratory animals (7, 10, 11) , this failure has been attributed to adrenal insufficiency. Exogenous corticotropin (ACTH) will repair or maintain normal adrenal weight in the cortisone-treated animal (12) . Consequently the addition of ACTH in various dosage schedules has been advocated for the purpose of maintaining or restoring normal adrenal responsiveness to stress (5, (13) (14) (15) (16) . The efficacy of such combined therapy is not firmly established.
In addition to producing adrenal atrophy, chronic treatment with steroids results in decreased pituitary ACTH content (17, 18) . The failure of steroid-treated subjects to respond to stress may therefore reflect pituitary ACTH insufficiency rather than, or in addition to, adrenal insufficiency. ACTH administration, on the other hand, has been shown to increase pituitary ACTH content in the intact rat, despite stimulation of secretion of endogenous steroids (18) . For this reason ACTH therapy has been studied in the cortisonetreated animal to determine whether such adjunctive therapy is capable of modifying the pituitary ACTH depletion which follows steroid administration, and whether it can enhance the pituitary response to stress. * Supported by a grant from the National Institutes of H4ealth (A-195) .
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METHODS
All experiments were performed in male rats of the Sherman strain (100 to 140 Gm.), kept in a constant temperature room for at least one week prior to use. The diet consisted of Purina Laboratory Chow and water ad libitum. Three treatments were employed as follows: Physiological saline (0.1 ml.) was injected subcutaneously once daily; 4 U.S.P. units of ACTH gel (0.1 ml.) was injected subcutaneously once daily; 2.5 or 5 mg. of cortisone acetate (either 0.1 or 0.2 ml.) was injected subcutaneously once daily. When adrenalectomized rats were used they were injected immediately after operation and were given 1 per cent saline in the drinking water.
Four experiments were performed as follows: Experiment 1. Intact rats were injected with 5 mg. of cortisone for 7 days. Groups of four animals each were sacrificed at 1, 2, 4, 7 and 10 days after the last injection. The pituitary glands of each group were pooled and extracted for ACTH. Intact rats injected with saline for 7 days and sacrificed 24 hours after the last injection served as a control group.
-Experiment 2. Adrenalectomized rats were injected with either 5 mg. of cortisone or 4 U.S.P. units of ACTH plus 5 mg. of cortisone for 7 days. A control group received saline. The pituitary glands were extracted individually for ACTH 24 hours after the last injection. Experiment 3. Intact rats were divided into five groups and treated according to the following 10 day schedule: (22) and Snedecor (23) .
RESULTS AND DISCUSSION
Although pituitary ACTH depletion is known to occur after prolonged steroid administration (17, 18) , no data are available concerning the duration of this depletion following cessation of the steroid therapy. A significant fall in pituitary ACTH concentration to 41 per cent of control occurs in cortisone-treated rats 24 hours after the last injection when compared to saline-injected controls (Table I) begun by the tenth day ( Figure 1 ). These data are compatible with the hypothesis that ACTH release is negligible after cessation of cortisone treatment in the unstressed rat and that the ACTH synthesized during this period is stored rather than secreted. Prolonged adrenal atrophy after Table I . Note persistent adrenal atrophy despite evidence of rising pituitary ACTH concentration 10 days following last cortisone injection. cortisone therapy has been observed previously in the rat (11) and also in man (7) ; in the latter report, adrenal atrophy (associated with-sudden death following stress) was seen four and one-half months after completion of steroid treatment.
Since prolonged cortisone administration results in marked pituitary ACTH depletion, Experiments 2, 3 and 4 were designed to determine whether ACTH treatment can alter the pituitary ACTH content of cortisone-treated rats. A significant fall to 62 per cent of control occurs in adrenalectomized rats treated daily with 5 mg. cortisone alone compared to saline-injected controls (Table II) . Concurrent (Table III, Fig-ure 2), the fall in pituitary ACTH following stress is over three times as great in the control animals (Group 1) as in the cortisone-treated rats (Group 2). If one proposes that equal quantities of ACTH were released by the two groups, then a rate of synthesis three times normal must be assumed for the group pretreated with cortisone. This last assumption appears untenable, in view of the data presented in Experiment 1 in which treatment with cortisone resulted in a severe depression of pituitary ACTH synthesis, as manifested by a striking and persistent decrease in pituitary ACTH content and adrenal weight. Therefore, a more appropriate explanation appears to be that the threefold difference in negative ACTH balance between Groups 1 and 2 after stress represents primarily a difference in the amounts of ACTH released by the two groups. The only assumption underlying this interpretation is that ACTH synthesis in the two groups is equivalent; the data of Experiment 1 indicate that this assumption is quite conservative. These considerations also apply to the discussion of the data which follow.
The rats pretreated with ACTH concurrently with cortisone (Group 3) also demonstrate a significant further reduction in pituitary ACTH as a result of stress. However, the change observed does not differ significantly from that obtained in rats given cortisone alone (Group 2), and is similarly much reduced in comparison to that observed in control animals. In contrast to the foregoing groups, rats injected with ACTH consecutively (Group 4) or concurrently plus consecutively (Group 5) do not exhibit significant falls in pituitary ACTH after the scalding stress. These data would suggest that ACTH therapy, when continued to the time of stress as in these last two groups, actually inhibits the release of ACTH from the pituitary gland. The findings are consistent with previous experiments (19) which demonstrated that administration of exogenous ACTH prevented release of endogenous ACTH in response to stress, via an extra-adrenal mechanism.
Definite adrenal atrophy persists following withdrawal of cortisone (Table III, Figure 3) . All of the groups receiving ACTH in addition to the cor--tisone show significant increments in adrenal weights, as would be expected. The most effective maintenance of adrenal weight is seen in those animals receiving ACTH both during and following cortisone treatment (Group 5). When the mean adrenal weights are adjusted for variations in body weight by analysis of covariance, this group actually shows hypertrophy of the adrenals when compared to controls.' However, this group manifested the most significant inhibition of pituitary ACTH release in response to stress (vide supra).
Since the data suggest that concurrent administration of ACTH to the cortisone-treated animal increases pituitary ACTH concentration following steroid withdrawal, a more precise experimental design was employed (Experiment 4), which involved a direct comparison of pituitary ACTH in the group receiving combined therapy to the group receiving cortisone alone, the latter 1 Adjustment of mean adrenal weights for variations in body weight does not otherwise alter the significant differences depicted in Figure 3 . serving as control (Table III) . No significant difference between the pituitary ACTH concentrations of the two groups is seen, however, and the depletions in pituitary ACTH following stress are significant and similar in both groups when each is compared to its unstressed control.
It would appear then that in the rat receiving prolonged steroid therapy the administration of ACTH does not prevent or ameliorate the depletion of pituitary ACTH which results after cortisone. Nor is the diminished amount of ACTH released in response to severe stress increased by such therapy. The rat receiving ACTH up to 24 hours before stress shows the blockading effect of exogenous ACTH upon pituitary ACTH release in response to stress (19) . However, administration of ACTH does prevent or repair adrenal atrophy in steroid-treated animals. In view of the inhibition of ACTH synthesis and release which has been demonstrated in animals receiving either cortisone alone, or combined treatment, the significance of this effect of ACTH is uncertain. It is possible that, with the ACTH-induced preservation of adrenal mass, the adrenal response to stress may be normal during the period of steroid withdrawal, despite the severe reduction in ACTH release. In the absence of data concerning adrenal steroid production under these conditions, no conclusions may be drawn concerning the adrenal response to stress. It should be emphasized that measurement of pituitary, and not adrenal, responsiveness to stress is the object of the present experiments.
The failure of exogenous ACTH to raise pituitary ACTH concentration in the steroid-treated rat in the above experiments is in striking contrast to the rise in pituitary ACTH seen following ACTH treatment in the normal or adrenalectomized rat (18, 19 It is important to note that the dosages of hormones used in these experiments, calculated on the basis of body weight, represent amounts far in excess of those usually employed in the treatment of human disease. Moreover, important species differences may well exist between man and the rat insofar as pituitary-adrenal physiology is concerned.
However, clinical observations by Kyle, Meyer and Canary (24) in patients with Cushing's syndrome due to adrenal tumors correlate quite closely with the present animal studies. Adrenal insufficiency is frequently encountered following resection of such neoplasms. This has been attributed to the associated atrophy of the contralateral adrenal gland (25). Kyle's two patients, however, manifested persistent adrenal hypofunction for one to two years postoperatively after cessation of repeated courses of ACTH. Although ACTH was capable of stimulating the adrenals to produce normal levels of steroids, discontinuation of ACTH therapy was quickly followed by relapse into the hypoadrenal state. It was concluded, therefore, that the basic lesion in these patients was located in the pituitary gland rather than in the adrenals, since therapy directed at restoring adrenal weight was incapable in itself of returning adrenal function to normal.
On the other hand, Bondy and co-workers (26, 27 ) considered hypothalamic-pituitary-adrenal function to be normal in patients who had received prolonged ACTH and steroid therapy, despite the presence of "steroid withdrawal" symptoms. A conclusion of normal pituitary responsiveness was inferred from a rise in plasma corticoid level following the stress of hypoglycemia. The discrepancy between this conclusion and that obtained by direct measurements in rats in the present study perhaps may be explained by differences in the species and treatments employed. Final 2. The steroid-induced depletion of pituitary ACTH concentration is neither prevented nor ameliorated by the addition of ACTH in a variety of dosage schedules. Adjunctive ACTH administration does not modify the striking reduction in ACTH release after stress which occurs in the cortisone-treated animal.
3. Adrenal atrophy following steroid treatment can be prevented or repaired by the administration of ACTH. The significance of this action of ACTH is uncertain, in view of the derangements in pituitary ACTH synthesis and release which are observed to exist in animals receiving either combined therapy or cortisone alone.
